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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The process which forms the film of the first resist which may generate an acid on a 
semi-conductor base material by the first resist, The process which forms the first resist pattern 
which may generate an acid from the film of said first resist by the curtailed developing time, The 
process which forms the second resist which causes crosslinking reaction by existence of an acid 
on said first resist pattern, Down stream processing which forms the bridge formation film in the 
part which touches said first resist pattern of said second resist by supply of the acid from said first 
resist pattern, The manufacture approach of the semiconductor device characterized by including 
the process which exfoliates the part of said second resist non-constructing a bridge, and forms the 
second resist pattern, and the process which etches said semi-conductor base material by using 
this second resist pattern as a mask. 

[Claim 2] The manufacture approach of the semiconductor device according to claim 1 
characterized by forming said bridge formation film in contact with the front face of said first resist 
pattern by heat-treating said first resist pattern and said second resist formed on said first resist 
pattern. 

[Claim 3] The manufacture approach of the semiconductor device according to claim 1 
characterized by forming said bridge formation film in said predetermined field of said first resist 
pattern by exposing a predetermined field from on said second resist formed on said first resist 
pattern and said first resist pattern. 

[Claim 4] The manufacture approach of the semiconductor device according to claim 1 which carries 
out electron beam irradiation of except for the predetermined field of said first resist pattern, and is 
characterized by forming said second resist on this first resist pattern by which electron beam 
irradiation was carried out, and forming said bridge formation film in said predetermined field of said 
first resist pattern. 

[Claim 5] The semiconductor device characterized by manufacturing by the manufacture approach 
of the semiconductor device indicated to said claim 1 thru/or either of 4. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] In case this invention forms a resist pattern in a semi-conductor process, it 
relates to the manufacture approach of the semiconductor device using the detailed separation 
resist pattern which reduced the separation size or hole opening size of a pattern, and the 
semiconductor device manufactured by this manufacture approach. 
[0002] 

[Description of the Prior Art] Wiring and separation width of face which are required of a 
manufacture process are dramatically made detailed with high integration of a semiconductor device. 
Generally, formation of a detailed pattern forms a resist pattern with a photolithography technique, 
and is performed by the approach of etching the various thin films of a substrate by using the 
formed resist pattern as a mask after that 

[0003] Therefore, in formation of a detailed pattern, a photolithography technique becomes very 
important. The photolithography technique consists of resist spreading, mask alignment, exposure, 
and development, and the limitation has produced it from constraint of exposure wavelength in 
detailed-^ization to detailed-izing. Furthermore, it was difficult to control the etching-proof nature of 
a resist by the conventional lithography process, and it was impossible to have controlled the shape 
of surface type, such as to carry out surface roughening of the pattern side-attachment-wall front 
face after etching, by control of etching-proof nature. 
[0004] 

[Problem(s) to be Solved by the Invention] As explained above, formation of the detailed resist 
pattern which exceeds the limitation of the wavelength with the photolithography technique by the 
conventional exposure was difficult. On the other hand, invention-in-this-application persons found 
out the formation approach of the detailed resist pattern exceeding the limitation of wavelength, as 
indicated in the publication-number No. 1073927 official report which applied previously and was 
exhibited. This invention improves this further, offers the detailed separation resist pattern 
formation technique of realizing detailed separation resist pattern formation which makes pattern 
formation exceeding a wavelength limitation possible in detailed-izing of a separation pattern and a 
hole pattern, and offers the technique to which control carries out surface roughening of the shape 
of pattern side-attachment-wall surface type after difficult etching with the conventional lithography 
technique. Furthermore the manufacture approach of the semiconductor device using that detailed 
separation resist pattern formation technique tends to be offered, and it is going to offer the 
semiconductor device manufactured by this manufacture approach. 
[0005] 

[Means for Solving the Problem] The manufacture approach of the semiconductor device concerning 
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claim 1 of this invention The process which forms the film of the first resist which may generate an 
acid on a semi-conductor base material by the first resist, The process which forms the first resist 
pattern which may generate an acid from the film of said first resist by the curtailed developing time. 
The process which forms the second resist which causes crosslinking reaction by existence of an 
acid on said first resist pattern, Down stream processing which forms the bridge formation film in 
the part which touches said first resist pattern of said second resist by supply of the acid from said 
first resist pattern, It is characterized by including the process which exfoliates the part of said 
second resist non-constructing a bridge, and forms the second resist pattern, and the process 
which etches said semi-conductor base material by using this second resist pattern as a mask. 
[0006] The manufacture approach of the semiconductor device concerning claim 2 of this invention 
is characterized by forming said bridge formation film in contact with the front face of said first 
resist pattern in the manufacture approach according to claim 1 by heat-treating said first resist 
pattern and said second resist formed on said first resist pattern. 

[0007] The manufacture approach of the semiconductor device concerning claim 3 of this invention 
is characterized by forming said bridge formation film in said predetermined field of said first resist 
pattern in the manufacture approach according to claim 1 by exposing a predetermined field from on 
said second resist formed on said first resist pattern and said first resist pattern. 
[0008] In the manufacture approach according to claim 1, the manufacture approach of the 
semiconductor device concerning claim 4 of this invention carries out electron beam irradiation of 
except for the predetermined field of said first resist pattern, and is characterized by forming said 
second resist on this first resist pattern by which electron beam irradiation was carried out, and 
forming said bridge formation film in said predetermined field of said first resist pattern. 
[0009] The semiconductor device concerning claim 5 of this invention is characterized by 
manufacturing by the manufacture approach of the semiconductor device indicated to claim 1 
thru/or either of 4. 
[0010] 

[Embodiment of the Invention] Gestalt 1. drawing 1 of operation is drawing showing the example of 
the mask pattern for forming the target resist pattern by which detailed separation was carried out 
by this invention, in drawing 1 (a), the mask pattern 100 of a detailed hole and drawing 1 (b) show 
the mask pattern 200 of a detailed tooth space, and drawing 1 (c) shows the pattern 300 of the 
remnants of isolation. Drawing 2 - drawing 7 are process-flow drawings for explaining the detailed 
separation resist pattern formation approach of the gestalt 1 implementation this invention. 
[001 1] First, the detailed separation resist pattern formation approach of the gestalt this operation 
and the manufacture approach of the semiconductor device using this are explained, referring to 
drawing 1 and drawing 2 . First, as drawing 2 (a) shows, the first resist 1 which has the device in 
which an acid is generated inside by suitable heat-treatment in the semi-conductor substrate 
(semi-conductor wafer) 3 is applied (about 0.7-1.0 micrometers in for example, thickness). This first 
resist 1 is applied with a spin coat etc. on the semi-conductor substrate 3, next gives Puri **-KU (it 
is heat treatment for about 1 minute at 70-110 degrees C), and evaporates the solvent in the first 
resist 1. 

[0012] Next, in order to form the first resist pattern, g line, i line or Deep-UV, a KrF excimer, an ArF 
excimer, EB (electron ray). X-ray, etc. carry out projection exposure using the mask containing a 
pattern as shown in drawing 1 using the light source corresponding to the sensibility wavelength of 

the first applied resist 1. 

[0013] Either a positive type or negative resist is [ that what is necessary is just a resist using the 
device which an acidic component generates inside a resist by suitable heat-treatment ] OK as the 
ingredient of the first resist 1 used here. For example, as the first resist, the positive resist which 
consists of mixture of novolak resin and a naphthoquinonediazide system sensitization agent is 
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mentioned. Furthermore, as the first resist, application of the chemistry magnification mold resist 
using the device in which an acid is generated may also be possible, and other things may be used 
as long as it is a resist ingredient using the system of reaction which generates an acid with heating. 
[0014] After exposing the first resist 1, if needed. PEB (exposure afterbaking) is performed (for 
example. PEB temperature: 50-130 degrees C). and the resolution of the first resist 1 is raised. 
Next, although negatives are developed using about 0.05 to 3.0 wt% [, such as TMAH 
(tetramethylammonium hydroxide). ] alkali water bath liquid, it is the description to shorten this 
developing time with the gestalt of this operation more nearly intentionally than the developing time 
in the conventional usual development technique. Drawing 2 (b1) shows first resist pattern la 
formed in this way. Drawing 2 (b2) can show acid lb which remains in first resist pattern la. and can 
make high concentration of acid lb of the front face of first resist pattern la by development by the 
developing time which the above shortened compared with the case where it is based on 
conventional usual developing time. This contributes to thickness buildup of the bridge formation film 
explained later. 

[0015] After performing a development, postdeveloping BEKU may be performed if needed (baking 
temperature is 60-120 degrees C and about 60 seconds). Since this heat treatment influences a 
next mixing reaction, it is desirable to combine with the ingredient of the first resist to be used or 
the second resist, and to set it as suitable temperature. The above is the same as that of formation 
of the resist pattern by the general resist process as a process, if the point of using the first resist 
1 which generates an acid is set aside. In addition, the process so far is explained concretely anew. 
Usually, the process so far follows a detail with BEKU after after [ after / (1) dehydration bake. (2) 
adhesion promoter coats, (3) resist spreading, and (4) spreading / BEKU (5) exposure, and (6) 
exposure ] BEKU, (7) development, and (8) development. The gestalt of this operation shortens 
intentionally the developing time in the step of the above-mentioned (7) development. 
[0016] Next, as shown in drawing 2 (c), the ingredient of cross-linking which constructs a bridge by 
existence of an acid on the semi-conductor substrate 3 is used as a principal component, and the 
second resist 2 dissolved in the solvent which does not dissolve the first resist 1 is applied. If 
spreading to homogeneity is possible for the method of application of the second resist 2 on first 
resist pattern la. it can also be applied by not being limited especially and immersed into spreading 
by the spray, revolution spreading, or the solution of the second resist (dipping). Next, this is 
prebaked after spreading of the second resist 2 if needed (for example, 85 degrees C. about 60 
seconds), and the second resist layer 2 is formed. 

[0017] Next, as shown in drawing 2 (d), first resist pattern la formed in the semi-conductor 
substrate 1 and the second resist 2 formed on this are heat-treated (it is written as MB mixing 
BEKU and if needed [ following ].). 85 degrees C - 150 degrees C whenever [ stoving temperature ] 
is carried out. for example, diffusion of an acid is promoted from the first resist pattern la. it 
supplies into the second resist 2, and crosslinking reaction is generated in the interface of the 
second resist 2 and first resist pattern la. What is necessary is for the mixing baking temperature / 
time amount in this case to be 85 degree-C-150 degree-C/60-120sec(s), and just to set it as the 
optimal conditions with the class of resist ingredient to be used, and the thickness of the reaction 
layer to need. It is formed into the second resist 2 so that the bridge formation layer 4 which caused 
crosslinking reaction may cover first resist pattern la with this mixing BEKU. 

[0018] Next, as shown in drawing 2 (e). development exfoliation of the second resist 2 which is not 
constructing a bridge is carried out using the developer of alkali water solutions, such as water or 
TMAH, and second resist pattern 2a is formed. It becomes possible to obtain the resist pattern to 
which the hole bore of a hole pattern or the separation width of face of a line pattern was reduced, 
or the area of an isolated remnants pattern was expanded by the above processing. **. Next, the 
effectiveness of compaction of the developing time of the gestalt of this operation is explained. In 
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case first resist pattern la of drawing 2 (b1) was formed from the condition of drawing 2 (a), when 
developing time was conventional usual developing time, the acid concentration which remains in 
first resist pattern la became low, and it turned out that mutual solubility is low. With the gestalt of 
this operation, it found out that could make high acid concentration which remains in first resist 
pattern 1a, and mutual solubility became high by shortening developing time. Consequently, 
crosslinking reaction is promoted in the process of drawing 2 (d). and the thickness of the bridge 
formation layer 4 can be formed thickly. That is, the amount of resist frame attachments can be 
made to increase. According to the experiment of invention-in-this-application persons, in 60 
seconds usual in resist developing time, when that made resist developing time 40 seconds the place 
whose bridge formation layer (the amount of frame attachments) is 70nm. the bridge formation layer 
(the amount of frame attachments) was set to 80nm. That is, the increased thickness (increment in 
the amount of frame attachments) of a 1 0nm bridge formation layer was acquired. Moreover, 
according to the experiment of invention-in-this-application persons, it turned out that the 
thickness of the bridge formation film increases, so that resist developing time was shortened. That 
is, it turned out that the amount of resist frame attachments increases. Then, if development 
exfoliation of the second resist 2 which is not constructing a bridge is carried out, spacing of second 
resist pattern 2a is further reducible. It becomes possible to obtain the resist pattern to which the 
hole bore of a hole pattern or the separation width of face of a line pattern was further reduced, or 
the area of an isolated remnants pattern was further expanded by such approach. 
[0019] In the above, by the formation approach of the detailed resist pattern explained with 
reference to drawing 2 . after forming the second resist layer 2 on first resist pattern la. the acid 
was generated in first resist pattern la by suitable heat-treatment, and how to diffuse to the 
second resist 2 was explained. Below, instead of this heat-treatment, how to make an acid emit by 
exposure is explained in advance of heat-treatment. Drawing 3 is process-flow drawing for 
explaining the formation approach of the detailed separation resist pattern in this case. First, since 
the process of drawing 3 (a) - (c) is the same as that of drawing 2 (a) - (c), it omits explanation. The 
same is said of the compaction of developing time for forming first resist pattern 1 a shown in 
drawing 3 (b). In addition, as the first resist 1. application of the chemistry magnification mold resist 
using the device in which an acid is generated by exposure is also possible in this case. In a 
chemistry magnification mold resist, the magnification reaction which the generation reaction of the 
acid catalyst by light, an electron ray, an X-ray, etc. occurs, and is triggered by the catalyst of the 
generated acid is used. 

[0020] Next, as shown in drawing 3 (d), the semi-conductor substrate 3 is again exposed completely 
by g line or i line of Hg lamp, an acid is generated in first resist pattern la, and after forming the 
second resist layer 2 shown by drawing 3 (c). this forms the bridge formation layer 4 near the 
interface of the second resist 2 which touches first resist pattern la. as shown in drawing 3 (e). 
[0021] What is necessary is the light source used for the exposure at this time to be possible also 
for using Hg lamp, a KrF excimer, an ArF excimer. etc.. and not to be limited by exposure especially 
if generating of an acid is possible for it, and just to expose it using the light source and light 
exposure according to the sensitization wavelength of the first used resist 1 according to the 
sensitization wavelength of the first resist 1. 

[0022] Thus, in order to expose after spreading of the second resist 2, to generate an acid in first 
resist pattern la in the example of drawing 3 and to expose first resist pattern la in the condition of 
having been covered with the second resist 2, Since the amount of the acid generated in first resist 
pattern 1 a is controllable in the large range to accuracy, the thickness of the bridge formation layer 
(reaction layer) 4 can control it by adjustment of light exposure with a sufficient precision. 
[0023] Next the semi-conductor substrate 3 is heat-treated if needed (for example, 60-130 degrees 
C. mixing BEKU). By this, the acid from the first resist pattern la is diffused, it supplies into the 
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second resist 2, and crosslinking reaction is promoted in the interface of the second resist 2 and 
first resist pattern la. What is necessary is for the mixing baking temperature / time amount in this 
case to be 60-130 degree-C/60~120sec(s), and just to set it as the optimal conditions with the 
class of resist ingredient to be used, and the thickness of the reaction layer to need. It is formed 
into the second resist 2 so that the bridge formation layer 4 which caused crosslinking reaction may 
cover first resist pattern la with this mixing BEKU. 

[0024] Next, the process of drawing 3 (f) is the same as that of drawing 2 (e). Like the gestalt 1 of 
operation, by shortening developing time, acid concentration which remains in first resist pattern la 
can be made high, and the thickness of the bridge formation layer 4 can be thickly formed also in the 
gestalt of this operation. That is, the amount of resist frame attachments can be made to increase. 
It becomes possible to obtain the resist pattern to which a hole bore or the separation width of face 
of a line pattern was further reduced, or the area of an isolated remnants pattern was further 
expanded by this approach. 

[0025] In addition, like the example of the approach explained with reference to drawing 3 , the 
process which generates an acid component in first resist pattern la by exposure is suitable, when 
the first resist 1 and the second resist 2 to apply have comparatively low reactivity, when the 
thickness of the bridge formation layer to need is comparatively thick, or especially when equalizing 
crosslinking reaction. 

[0026] Here, the ingredient used for the second resist 2 is explained. As the second resist, the 
independence of the water soluble resin of cross-linking or two or more kinds of those mixture can 
be used. Moreover, the independence of a water-soluble cross linking agent or two or more kinds of 
those mixture are used. Furthermore, the mixture of these water soluble resin and a water-soluble 
cross linking agent is used. When using mixture as the second resist, those ingredient presentations 
are not limited by the ingredient of the first resist to apply, or the set-up reaction condition that 
what is necessary is just to especially set up the optimal presentation. 

[0027] As an example of the water-soluble-resin constituent used for the second resist Polyacrylic 
acid as shown in drawing 4 , a polyvinyl acetal, a polyvinyl pyrrolidone, Polyvinyl alcohol, 
polyethyleneimine, polyethylene oxide, A styrene-maleic-acid copolymer, polyvinyl amineresin, the 
poly allylamine, Oxazoline radical content water soluble resin, water-soluble melamine resin, a 
water-soluble urea-resin, If it is the constituent in which a water-soluble cross linking agent and 
mixing are possible when not producing the constituent which an alkyd resin, sulfonamide resin, etc. 
can apply effectively, and produces crosslinking reaction under acidic component existence, or 
crosslinking reaction, it will not be limited especially. Moreover, it is effective even if it uses these 
independently, and it uses as mixture. 

[0028] You may use as one kind or two kinds or more of mixture, and these water soluble resin can 
be suitably adjusted by reacting weight with the first resist 1 of a substrate, a reaction condition, 
etc. Moreover, it is the object which raises the solubility to water, and you may use by making these 
water soluble resin into salts, such as a hydrochloride. 

[0029] Next, specifically as a water-soluble cross linking agent which can be used for the second 
resist, amino system cross linking agents, such as melamine system cross linking agents, such as 
urea system cross linking agents, such as a urea as shown in drawing 5 , alkoxy methyleneurea, 
N-alkoxy methyleneurea. an ethylene urea, and an ethylene urea carboxylic acid, a melamine, and an 
alkoxy methylene melamine, benzoguanamine, and glycoluryl, etc. are applicable. However, it will not 
be limited especially if it is the water-soluble cross linking agent which produces bridge formation 
not with the thing limited to especially an amino system cross linking agent but with an acid. 
[0030] As a water-soluble concrete resist ingredient furthermore used for the second resist, it is 
effective independent or independent or to also mix and use [ of water soluble resin which was 
mentioned above / of a water-soluble cross linking agent which was similarly mentioned above into 
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mixture ] mixture mutually. For example, specifically, mixing and using a methoxy methylol melamine 
or an ethylene urea as a water-soluble cross linking agent as the second resist, using 
polyvinyl-acetal resin as a water-soluble-resin constituent etc. is mentioned. In this case, since 
water solubility is high, the preservation stability of a mixed solution is excellent. In addition, it will 
not be limited especially if it is the ingredient which is meltable to water solubility or the 
water-soluble solvent which does not dissolve the first resist pattern as for the ingredient applied to 
the second resist, and produces crosslinking reaction under existence of an acid component. 
[0031] In addition, although it is as having explained previously that acid generating by the 
re-exposure to first resist pattern la is not performed, but crosslinking reaction can be realized only 
by heat-treatment, it is desirable to choose a suitable reactant high ingredient as the second resist 
2 in this case, and to perform suitable heat-treatment (for example, 85 degrees C - 150 degrees C). 
It is effective to specifically use the mixture of polyvinyl-acetal resin and an ethylene urea, the 
mixture of polyvinyl alcohol and an ethylene urea, or the water-soluble ingredient constituent that 
mixed these at a suitable rate as an ingredient of the second resist in this case. 
[0032] Next, in this invention, it is important to control the crosslinking reaction of the first resist 1 
and the second resist 2, and to control the thickness of the bridge formation layer 4 formed on first 
resist pattern la. As for control of crosslinking reaction, it is desirable to optimize according to the 
reactivity of the first resist 1 and the second resist 2 to apply, the configuration of first resist 
pattern 1a, the thickness of the crosslinking reaction layer 4 to need. etc. 
[0033] Control of the crosslinking reaction of the first resist and the second resist has the 
technique by adjustment of process conditions, and the technique of adjusting the presentation of 
the ingredient of the second resist, as the process control technique of crosslinking reaction — (1) 
— the technique of adjusting (2) MB (mixing BEKU) temperature and the processing time which 
adjust the light exposure to first resist pattern la is effective. Especially, it heats, and by adjusting 
the time amount (MB time amount) which constructs a bridge, it is possible to control the thickness 
of a bridge formation layer, and it can be called the technique in which a reaction controllability is 
dramatically high. Moreover, the technique of controlling reacting weight with the first resist from 
the field of the ingredient presentation used for the second resist by mixing the suitable, 
water-soluble cross linking agent for (3) (4) which controls reacting weight with first resist by mixing 
two or more kinds of suitable water soluble resin, and adjusting the mixing ratio water soluble resin, 
and adjusting the mixing ratio is effective. 

[0034] the thickness of the bridge formation layer which does not opt for control of such 
crosslinking reaction unitary, and (3) 3 [ the reactivity of the ingredient of the (1) second resist, and 
the ingredient of the first resist to apply, the configuration of the (2) first resist pattern, thickness, 
and ] need and (4) — it is necessary to take into consideration and determine conditions with 
various usable exposure conditions or MB conditions, (5) spreading conditions, etc. [ however. ] 
When, especially as for the reactivity of the first resist and the second resist, the presentation of 
the ingredient of the first resist shows being influenced, therefore it applies this invention actually, it 
is desirable to take into consideration the factor mentioned above and to optimize the ingredient 
constituent of the second resist. Therefore, especially the class and its presentation ratio of the 
water-soluble ingredient used for the second resist are not limited, and are optimized and used 
according to the class of ingredient to be used, heat treatment conditions, etc. 
[0035] In addition, plasticizers, such as ethylene glycol, a glycerol, and triethylene glycol, may be 
added to the ingredient of the second resist with an additive, moreover, the ingredient of the second 
resist — being related — an object [ top / membrane formation disposition ] — carrying out — the 
surfactant by 3M company, for example, Fluorad, and Mitsuhiro — formation — water-soluble 
surfactants, such as shrine NONIPORU, may be added as an additive. 

[0036] Next, the solvent used for the second resist is explained. Although it is required for the 
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solvent used for the second resist not to dissolve the first resist pattern and to fully dissolve a 
water-soluble ingredient further, it will not be limited especially if it is the solvent which fills this. For 
example, what is necessary is just to use the independence of water-soluble organic solvents, such 
as alcoholic solvent, such as water (pure water) or water, and IPA, or N-methyl pyrrolidone, or a 
mixed solution as a solvent of the second resist. 

[0037] What is necessary is it to be possible to use alcohols, such as ethanol, a methanol, and 
isopropyl alcohol, gamma-butyrolactone, an acetone, etc., and Just to mix in the range which does 
not dissolve the first resist pattern as a solvent mixed in water, according to the solubility of the 
ingredient used for the second resist, if it is water solubility, and it is not limited especially and an 
example is given. 

[0038] Now, although the above example explained how to form a detailed resist pattern all over the 
semi-conductor substrate 3, how to form a detailed resist pattern selectively only in the request 
field of the semi-conductor substrate 3 next is explained. Drawing 6 R> 6 is process-flow drawing of 
the manufacture approach in this case. First, the process of drawing 6 (a) - (c) is the same as that 
of drawing 3 (a) - (c). The same is said of the compaction of developing time for forming first resist 
pattern la shown in drawing 6 (b). Next, like drawing 6 (c), after forming the second resist layer 2 
next, as shown in drawing 6 (d), it shades with a gobo 5, some semi-conductor substrates 3 are 
again exposed by g line or i line of Hg lamp to the selected field, and an acid is generated in first 
resist pattern 1a. This forms the bridge formation layer 4 near the interface of the second resist 2 
which touches first resist pattern la in the exposed part, as shown in drawing 6 (e). 
[0039] Since the process of subsequent drawing 6 (f) is the same as the process of drawing 3 (f), 
explanation is omitted. Like the gestalt 1 of operation, by shortening developing time, acid 
concentration which remains in first resist pattern la can be made high, and the thickness of the 
bridge formation layer 4 can be thickly formed also in the gestalt of this operation. That is. the 
amount of resist frame attachments can be made to increase. Thus, in the field in which the 
semi-conductor substrate 3 was chosen, the bridge formation layer 4 is formed on first resist 
pattern la, and it can avoid forming a bridge formation layer in the first resist pattern in other fields, 
as shown in drawing 6 (f). According to such a formation approach, by using a suitable exposure 
mask, it can expose selectively on the semi-conductor substrate 1, a part for an exposure part and 
an unexposed part can be distinguished, and the second resist pattern can form the field which 
constructs a bridge in a boundary part with the first resist pattern, and the field which does not 
construct a bridge. Thereby, the detailed hole or detailed tooth space of a different dimension on the 
same semi-conductor substrate can be formed. 

[0040] Drawing 7 is process-flow drawing of other formation approaches for forming a detailed resist 
pattern selectively only in the request field of the semi-conductor substrate 1. First, the process of 
drawing 7 (a) - (c) is the same as that of drawing 2 (a) - (c). The same is said of the compaction of 
developing time for forming first resist pattern 1a shown in drawing 7 R> 7 (b). Next, like drawing 7 
(c), after forming the second resist layer 2, as shown in drawing 7 (d). the field where the 
semi-conductor substrate 3 was chosen is covered with the electron ray shield 6, and an electron 
ray is irradiated to other fields. Next, if it heat-treats at the process of drawing 7 (e), a bridge 
formation layer will not be formed in the field which irradiated the electron ray, but a bridge 
formation layer will be formed only in the predetermined field which covered electron beam 
irradiation. 

[0041] Since the process of subsequent drawing 7 (f) is the same as the process of drawing 2 (f), 
explanation is omitted. Like the gestalt 1 of operation, by shortening developing time, acid 
concentration which remains in first resist pattern la can be made high, and the thickness of the 
bridge formation layer 4 can be thickly formed also in the gestalt of this operation. That is, the 
amount of resist frame attachments can be made to increase. Thus, in the field in which the 
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semi-conductor substrate 3 was chosen, the bridge formation layer 4 is formed on first resist 
pattern la. and it can avoid forming a bridge formation layer in the first resist pattern in other fields, 
as shown in drawing 7 (f). Thereby, the detailed hole or detailed tooth space of a different dimension 
on the same semi-conductor substrate can be formed. 

[0042] As mentioned above, although the formation approach which forms a detailed separation 
resist pattern upwards at the semi-conductor substrate 3 was explained to the detail, the detailed 
separation resist pattern of this invention may not be restricted on the semi-conductor substrate 3, 
may be formed on insulating layers, such as silicon oxide, according to the manufacture process of a 
semiconductor device, and may be formed on conductive layers, such as polish recon film. Thus, 
formation of the detailed separation resist pattern of this invention is not restrained by the 
substrate film, if it is on the base material which can form a resist pattern, in which case, will be 
applicable and will be formed on a base material as occasion demands. Suppose that these are 
named generically and a semi-conductor base material is called. 

[0043] Moreover, in this invention, semi-conductor base materials, such as a semi-conductor 
substrate of a substrate or various thin films, are etched by using as a mask the detailed separation 
resist pattern formed as mentioned above, a detailed tooth space or a detailed hole is formed in a 
semi-conductor base material, and a semiconductor device is manufactured. Moreover, it is effective 
in surface roughening of the base material pattern side-attachment-wall front face after etching 
being carried out by setting up appropriately the ingredient of the second resist and an ingredient 
presentation, or MB temperature, and etching a semi-conductor base material by using as a mask 
the detailed separation resist pattern which formed the bridge formation layer on the first resist, and 
was obtained. 

[0044] Gestalt 2. drawing 8 of operation is process-flow drawing for explaining the detailed 
separation resist pattern formation approach of the gestalt 2 implementation this invention. With 
reference to drawing 1 and drawing 8 . the formation approach of the detailed separation resist 
pattern of the gestalt 2 this operation and the manufacture approach of the semiconductor device 
using this are explained. 

[0045] First, as shown in drawing 8 (a), the first resist 1 1 which contains some acid inside is applied 
to the semi-conductor substrate 3. The first resist 1 1 carries out projection exposure using the 
mask containing a pattern like drawing 1 using g line or i line of Hg lamp, after prebaking (it is heat 
treatment for about 1 minute at 70-100 degrees C) (it is omitting in drawing 8 ). After exposing the 
first resist 11, if needed, PEB (exposure afterbaking) is performed (for example, PEB temperature: 
50-130 degrees C), and the resolution of the first resist 11 is raised. Next, although negatives are 
developed using about 0.05 to 3.0 wt% [, such as TMAH (tetramethylammonium hydroxide). ] alkali 
water bath liquid, it is the description to shorten this developing time more nearly intentionally than 
the developing time in the conventional usual development technique with the gestalt 2 of this 
operation as well as the gestalt 1 of operation. Drawing 8 (b) shows first resist pattern 11a formed in 
this way. the above — acid concentration of the front face of first resist pattern 11a can be made 
high by development by the curtailed developing time like compared with the case where it is based 
on conventional usual developing time. This contributes to thickness buildup of the bridge formation 
film explained later. As an ingredient of the first resist 1 1 used here, what was explained with the 
gestalt 1 of operation is used effectively. The detailed explanation is omitted in order to avoid 
duplication. Moreover, specifically as an acid included in the first resist 11. the low-molecular acid of 
a carboxylic-acid system etc. is suitable. 

[0046] Then, after heat-treating by PEB (10-130 degrees C) and raising the resolution of a resist if 
needed, negatives are developed using about 2.0% dilution water bath liquid of TMAH 
(tetramethylammonium hydroxide). Then, postdeveloping BEKU may be performed if needed. Since 
this heat treatment influences a next mixing reaction, it is necessary to set it as suitable 
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temperature. The above is the same as that of formation of the resist pattern by the conventional 
resist process as a process, if the point of using the first resist 1 1 containing an acid is set aside. 
[0047] Next, as shown in drawing 8 (c) after the pattern formation of drawing 8 (b), the cross^linking 
ingredient which constructs a bridge by existence of an acid on the semi-conductor substrate 3 is 
used as a principal component, and the second resist 12 melted by the solvent which does not 
dissolve the first resist 11 is applied. The ingredient of the second resist 1 2 used here and its 
solvent can apply what was stated with the gestalt 1 of operation, and the same thing, and are 
effective. The detailed explanation is omitted in order to exclude duplication. . Next, this is prebaked 
after spreading of the second resist 12 if needed. Since this heat treatment influences a next mixing 
reaction, it is desirable to set it as suitable temperature. 

[0048] Next, the semi-conductor substrate 3 is heat-treated (60-130 degrees C), and crosslinking 
reaction is made to cause near the interface with first resist pattern 1 la of the second resist 12 by 
supply of the acid from some acid contained in first resist pattern 11a, as shown in drawing 8 (d). 
The bridge formation layer 14 which caused crosslinking reaction by this so that first resist pattern 
11a might be covered is formed into the second resist 12. 

[0049] Next, as shown in drawing 8 (e), development exfoliation of the part over which the second 
resist 12 is not constructing a bridge using developers, such as water or TMAH, is carried out. Also 
in the gestalt of this operation, by shortening the developing time when forming first resist pattern 
11a like the gestalt 1 of operation, acid concentration which remains in first resist pattern la can be 
made high, and the thickness of the bridge formation layer 4 can be formed thickly. That is, the 
amount of resist frame attachments can be made to increase. It becomes possible to obtain the 
resist pattern which reduced further the hole bore of a hole pattern, or the separation width of face 
of a line pattern, or the resist pattern to which the area of an isolated remnants pattern was 
expanded further by the above processing. 

[0050] As mentioned above, the first resist 1 1 in the gestalt 2 of this operation does not have the 
need of generating an acid by exposure, and it diffuses that acid by heat treatment, and he is trying 
to make it it to be adjusted so that an acid may be included in resist film 1 1 the very thing, and 
construct a bridge. As an acid included in this first resist 11, although the low-molecular acid of a 
carboxylic-acid system etc. is suitable, if mixing in a resist solution is possible, especially definition 
will not be carried out. 

[0051] Moreover, it is the same as that of the gestalt 1 of the operation described previously to 
form this detailed separation resist pattern on various kinds of semi-conductor base materials, and 
to form [ hole / a detailed separation tooth space or / detailed ] it on a semi-conductor base 
material, using this as a mask. 

[0052] Gestalt 3. drawing 9 of operation is process-flow drawing for explaining the formation 
approach of the detailed separation resist pattern of the gestalt 3 implementation this invention. 
With reference to drawing 1 and drawing 9 , the formation approach of the detailed separation resist 
pattern of the gestalt 3 this operation and the manufacture approach of the semiconductor device 
using this are explained. 

[0053] First, as shown in drawing 9 (a), the first resist 21 is applied to the semi-conductor substrate 
3. After prebaking to the first resist 21 (it is heat treatment for about 1 minute at 70 to 100 degree 
C), projection exposure is carried out using the mask containing a pattern like drawing 1 using g line 
or i line of Hg lamp, corresponding to the sensitization wavelength of the first resist 21 (the graphic 
display is omitted in drawing 9 ). As an ingredient of the first resist 21 used here, what was explained 
with the gestalt 1 of operation is used effectively. The detailed explanation is omitted in order to 
avoid duplication. 

[0054] Next, although negatives are developed using about 2.0% dilution water solution of TMAH 
(tetramethylammonium hydroxide) after it heat-treats by PEB (10-130 degrees C) and a resist 
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carries out improvement in resolution if needed, it is the description to shorten this developing time 
with the gestalt of this operation more nearly intentionally than the developing time in the 
conventional usual development technique. Drawing 9 (b) shows pattern 21a of the first resist 
formed in this way. As mentioned above, acid concentration of the front face of first resist pattern 
11a can be made high by development by the curtailed developing time compared with the case 
where it is based on conventional usual developing time. This contributes to thickness buildup of the 
bridge formation film explained later. Then, postdeveloping BEKU may be performed if needed. Since 
this heat treatment influences a next mixing reaction, it is necessary to set it as suitable 
temperature. The above is the same as that of formation of the resist pattern by the conventional 
resist process as a process. 

[0055] As shown after the pattern formation of drawing 9 (b), next in drawing 9 (c), immersion 
processing of the semi-conductor substrate 3 is carried out with an acidic solution. The art is good 
in the method of the usual paddle development. Moreover, you may carry out by the vapor rise 
(blasting) of an acidic solution. Moreover, surface treatment may be carried out by the sour gas. Any 
of an organic acid and an inorganic acid are sufficient as the acidic solution or sour gas in this case. 
Specifically, a low-concentration acetic acid is mentioned as a suitable example. In this process, an 
acid sinks in near the interface of first resist pattern 21a. and the film containing an acid is formed. 
Then, a rinse is carried out using pure water if needed. 

[0056] Then, as shown in drawing 9 (e), the cross-linking ingredient which constructs a bridge by 
existence of an acid on the first resist pattern 21 is used as a principal component, and the second 
resist 22 melted by the solvent which does not dissolve the first resist 21 is applied. What has the 
ingredient of the second resist 22 used here and its solvent be [ the same as that of what was 
stated with the gestalt 1 of operation ] it is used effectively. In order to avoid duplication, the 
detailed explanation is omitted. Next, the second resist 22 is prebaked after spreading of the second 
resist 22 if needed. Since this heat treatment influences a next mixing reaction, it is set as suitable 
temperature. 

[0057] Next, the semi-conductor substrate 3 is heat-treated (60-130 degrees C). bridge formation 
BEKU is performed, and crosslinking reaction is made to cause by supply of the acid from the first 
resist pattern 21a near the interface with first resist pattern 21a of the second resist 22, as shown 
in drawing 9 (f). The bridge formation layer 24 which caused crosslinking reaction by this so that first 
resist pattern 21a might be covered is formed into the second resist 22. 

[0058] Next, as shown in drawing 9 (g). development exfoliation of the part over which the second 
resist 22 is not constructing a bridge using developers, such as water or TMAH, is carried out. Also 
in the gestalt of this operation, by shortening the developing time when forming first resist pattern 
21a like the gestalt 1 of operation, acid concentration which remains in first resist pattern 21a can 
be made high, and the thickness of the bridge formation layer 24 can be formed thickly. That is, the 
amount of resist frame attachments can be made to increase. It becomes possible to obtain the 
resist pattern which reduced the hole bore of a hole pattern, or the separation width of face of a line 
pattern by the above processing. 

[0059] As mentioned above, before not needing the process which generates an acid for the first 
resist but forming the second resist 22 on first resist pattern 21a by exposure processing, surface 
treatment by the acid liquid or the sour gas is performed, and an acid is diffused by heat treatment 
at a next process, and it is made to construct a bridge according to the gestalt 3 of this operation. 
[0060] Moreover, it is the same as that of the gestalten 1 and 2 of the operation described 
previously to form the detailed separation resist pattern which carried out in this way and was 
formed on various kinds of semi-conductor substrates, to form a detailed separation tooth space or 
a detailed detailed hole etc. on a semi-conductor substrate by making this into a mask, and to 
manufacture a semiconductor device. 
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[0061] 

[Example] Next, the example relevant to the gestalten 1-3 of each aforementioned operation is 
explained. Since one example may be related to the gestalt of one or more operations, it explains 
collectively. First, the examples 1-5 about the first resist ingredient are explained. 
As the example 1. first resist, it consisted of novolak resin and naphthoquinonediazide and the resist 
pattern was formed using i line resist using ethyl lactate and propylene glycol monoethyl acetate as 
a solvent. First, said resist was dropped on Si wafer, after carrying out revolution spreading, it 
prebaked in 85 degrees C / 70 seconds, the solvent in a resist was evaporated, and the first resist 
was formed by about 1 .0 micrometers of thickness. Next, the first resist was exposed as an 
exposure mask using the mask as shown in drawing 1 , using i line cutback projection aligner as an 
aligner. Next, negatives were developed by the time amount which performed PEB processing in 120 
degrees C / 70 seconds, then was shortened using the alkali developer (the TOKYO OHKA KOGYO 
CO.. LTD. make, NMD3). and the resist pattern with separation size as shown in drawing 10 was 
obtained. 

[0062] As the example 2. first resist, it consisted of novolak resin and naphthoquinonediazide and 
the resist pattern was formed using i line resist using 2-heptanone as a solvent. First, said resist 
was formed so that it might become about 0.8 micrometers of thickness by dropping and revolution 
spreading on Si wafer. Next, it prebaked in 85 degrees C / 70 seconds, and the solvent in a resist 
was dried. Then, it exposed using the mask as shown in drawing 1 using i line cutback projection 
aligner. Next, negatives were developed by the time amount which performed PEB processing in 120 
degrees C / 70 seconds, then was shortened using the alkali developer (Tokyo adaptation shrine 
make, NMD3), and the resist pattern with separation size as shown in drawing 10 was obtained. 
[0063] As the example 3. first resist, it consisted of novolak resin and naphthoquinonediazide and 
the resist pattern was formed using i line resist using the mixed solvent of ethyl lactate and butyl 
acetate as a solvent. First, said resist was formed so that it might become about 1.0 micrometers of 
thickness by dropping and revolution spreading on Si wafer. Next, it prebaked in 100 degrees 0/90 
seconds, and the solvent in a resist was dried. Then, it exposed using the mask as shown in drawing 
1 using SUTEBBA by NIKON CORP. Next, negatives were developed by the time amount which 
performed PEB processing in 1 10 degrees C / 60 seconds, then was shortened using the alkali 
developer (Tokyo adaptation shrine make, NMD3), and the resist pattern as shown in drawing 10 was 
obtained. 

[0064] as the example 4. first resist — Tokyo — adaptation — the resist pattern was formed using 
the shrine chemistry magnification mold excimer resist. First, said resist was formed so that it might 
become about 0.8 micrometers of thickness by dropping and revolution spreading on Si wafer. Next, 
it prebaked in 90 degrees C / 90 seconds, and the solvent in a resist was dried. Then, it exposed 
using the mask as shown in drawing 1 using the KrF excimer cutback projection aligner. Next, 
negatives were developed by the time amount which performed PEB processing in 100 degrees C / 
90 seconds, then was shortened using the alkali developer (Tokyo adaptation shrine make. NMD-W). 
and the resist pattern as shown in drawing 1 1 was obtained. 

[0065] As the example 5. first resist, the resist pattern was formed using the chemistry 
magnification mold resist (2773 MELKER, J.Vac.Sci.Technol., B11 (6) 1993) by Ryoden Kasei CO., 
LTD. which consists of t-Boc-ized polyhydroxy styrene and an acid generator. First, said resist was 
formed so that it might become about 0.52 micrometers of thickness by dropping and revolution 
spreading on Si wafer. Next. **-KU was performed in 120 degrees C / 180 seconds, and the solvent 
in a resist was dried, then, this resist top — as the antistatic film — the Showa Denko K.K. make — 
after carrying out revolution spreading of S pay sir ESP~100 similarly, **-KU was performed in 80 
degrees C / 120 seconds. Next, it drew by 1 7.4microC/cm2 using EB drawing equipment. Next, after 
performing PEB in 80 degrees C / 120 seconds, pure water was used and the resist pattern was 
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developed by the time amount which exfoliated, and shortened the antistatic film using the TMAH 
alkali developer (Tokyo adaptation shrine NMD-W) continuously. Consequently, about 
0.2^micrometer EB resist pattern as shown in drawing 12 was obtained. 
[0066] Next, the examples 6--13 about the ingredient of the second resist are explained, 
as the ingredient of the example 6. second resist — 1L measuring flask — using — 20wt% 
water-solution: of the polyvinyl-acetal resin S leks KW3 and KW1 by Sekisui Chemical Co., Ltd. — 
pure-water:400g was added to lOOg, respectively, stirring mixing was carried out at the room 
temperature for 6 hours, and the 5wt% water solution of polyvinyl-acetal resin KW3 and KW1 was 
obtained, respectively. 

[0067] As an ingredient of the example 7. second resist, it replaced with the polyvinyl-acetal resin of 
an example 6, and each 5wt% water solution was obtained like the example 6 using polyvinyl alcohol 
resin, oxazoline content water soluble resin (the NIPPON SHOKUBAI Co., Ltd. make, the EPO cross 
WS 500), and a styrene maleic anhydride copolymer (the product made from ARCOchemical. SMA 
1000 and 1440HX 

[0068] Using 1L measuring flask as an ingredient of the example 8. second resist, stirring mixing of 
methoxy methylol melamine (product [ made from Mitsui SAINAMIDO ], Cymel 370):100g. 
pure-water:780g, and the IPA:40g was carried out at the room temperature for 6 hours, and the 
about 10 wt(s)% methylol melamine water solution was obtained. 

[0069] Using 1 L measuring flask as an ingredient of the example 9. second resist, in methoxy 
(N-methoxy methyl) ethylene urearlOOg, hydroxy (N-methoxymethyl) ethylene urea:100g, and 
N-methoxymethyl urea:100g, stirring mixing of pure-water:860g and the IPA:40g was carried out at 
the room temperature for 6 hours, and the about 10 wt(s)% ethylene urea water solution was 
obtained, respectively. 

[0070] KW3 water-solution: 160g of the polyvinyl acetal obtained in the example 6 as an ingredient of 
the example 10, the second resist, methoxy methylol melamine water-solution:20g obtained in the 
example 8. pure water: Stirring mixing of the 20g was carried out at the room temperature for 6 
hours, and water soluble resin and the mixed solution of a water-soluble cross linking agent were 
obtained. 

[0071] KW3 water-solution: 160g of the polyvinyl acetal obtained in the example 6 as an ingredient of 
the example 11. the second resist, methoxy (N-methoxymethyl) ethylene urea water-solution:20g 
obtained in the example 9, a hydroxy (N-methoxymethyl) ethylene urea water solution: In 20g, and 
N-methoxymethyl urea water-solution:20g, stirring mixing of the pure-water:20g was carried out at 
the room temperature for 6 hours, and water soluble resin and the mixed solution of a water-soluble 
cross linking agent were obtained, respectively. 

[0072] KW3 water-solution: 160g of the polyvinyl acetal obtained in the example 6 as an ingredient of 
the example 12. the second resist, lOg, 20g, 30g of the methoxy ethylene urea water solution 
obtained in the example 9, and pure water: Each was mixed for 20g under the room temperature for 
6 hours. Consequently, the concentration of the methoxy ethylene urea which is a water-soluble 
cross linking agent to polyvinyl-acetal resin obtained the water solution of three kinds of second 
27wt% resist 20wt% about 1 lwt%. 

[0073] As the example 13. second resist, stirring mixing of the 5wt% water solution of polyvinyl 
alcohol resin was carried out under the room temperature by mixing Og, 35.3g, and 72.2g for 6 hours 
among the water-soluble-resin solutions obtained in the example 7 to lOOg of the 5wt(s)% 
polyvinyl-acetal resin water solution obtained in the example 6, and three kinds of mixed solutions 
with which the mixing ratios of polyvinyl-acetal resin and polyvinyl alcohol resin differ were obtained. 
[0074] Next, the examples 14-22 of detailed resist pattern formation are explained. 
On Si wafer with which the first resist pattern obtained in the example 14. example 3 was formed, 
after dropping and carrying out the spin coat of the ingredient of the second resist obtained in the 
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example 12, it prebaked in 85 degrees C / 70 seconds, and the film of the second resist was formed. 
Next, mixing BEKU (MB) was performed in 120 degrees C / 90 seconds, and crosslinking reaction 
was advanced. Next, by developing negatives using pure water, carrying out development exfoliation 
of the layer non-constructing a bridge, and performing postbake in next 90 degrees C / 90 seconds, 
the bridge formation layer of the second resist was formed on the first resist pattern, and as shown 
in drawing 13 , the second resist pattern was formed. In drawing 1 3 R> 3, the mixing ratio of water 
soluble resin was changed by having made the diameter of a hole of the second resist pattern into 
the length measurement location, and the resist pattern size after the bridge formation stratification 
was measured. This result is shown in the table of drawing 14 R> 4. In this case, by changing the 
amount of mixing of polyvinyl-acetal resin and polyvinyl alcohol resin shows that it is possible to 
control the thickness of the bridge formation layer formed on the first resist pattern. 
[0075] On Si wafer with which the first resist pattern obtained in the example 1 5. example 2 was 
formed, after the resin water solution of KW1 obtained in the example 6 was dropped as an 
ingredient of the second resist and carried out the spin coat, it prebaked in 85 degrees C / 70 
seconds, and the film of the second resist was formed. Next, complete exposure was performed to 
the wafer using i line aligner. Furthermore, mixing BEKU (MB) was performed in 1 50 degrees C / 90 
seconds, and crosslinking reaction was advanced. Next, negatives were developed using pure water, 
development exfoliation of the layer non-constructing a bridge was carried out, and the bridge 
formation layer of the second resist was formed on the hole pattern which is the first resist pattern 
like what was shown in drawing 13 by performing postbake in 1 10 degrees C / 90 seconds 
continuously. The resist pattern size after the bridge formation stratification was measured about 
the case where it does not consider as the case where complete exposure is carried out by making 
into a length measurement location the diameter of a hole of the second resist pattern shown in 
drawing 13 . This result is shown in the table of drawing 1515 . When the first resist hole pattern size 
of 0.4 micrometers before forming a bridge formation layer performed complete exposure by this and 
about 0.13 micrometers and complete exposure were not performed, it was reducing by about 0.10 
micrometers. In this case, by performing complete exposure before MB **-KU. compared with the 
case where it does not carry out, crosslinking reaction advanced more and the bridge formation 
layer was thickly formed in the front face of the first resist pattern. 

[0076] On Si wafer with which the first resist pattern obtained in the example 16. example 2 was 
formed, the mixed solution of the polyvinyl-acetal resin obtained in the example 1 1 and an ethylene 
urea was used as the second resist. After dropping and carrying out the spin coat of the ingredient 
of the second resist, it prebaked in 85 degrees C / 70 seconds, and the film of the second resist 
was formed. Next, for 105 degrees 0 / 90 seconds, for 115 degrees C / 90 seconds, mixing BEKU 
(MB) was performed on three kinds of conditions for 1 25 degrees C / 90 seconds, and crosslinking 
reaction was performed. Next, negatives were developed using pure water and development 
exfoliation of the non-cross linking agent was carried out, and by performing postbake in 90 degrees 
C / 90 seconds continuously, as shown in drawing 16 , the bridge formation layer of the second 
resist was formed on the first resist pattern. The temperature of mixing BEKU (MB) was changed by 
having made into the length measurement location the tooth space in the diameter of a hole, line 
pattern, and isolated remnants pattern of the second resist pattern shown in drawing 1616 . and the 
resist pattern size after the bridge formation stratification was measured. This result is shown in the 
table of drawing 17 . Consequently, with the resist pattern after the bridge formation stratification, 
the size of the tooth space in the bore of a hole pattern, and a line pattern and an isolated remnants 
pattern of 0.4-micrometer size formed in the example 2 is reduced, as shown in drawing 17 , and the 
amount of cutbacks is increasing while MB temperature becomes high. From this, the temperature 
control of MB shows that control of crosslinking reaction is possible with a sufficient precision. 
[0077] On Si wafer with which the first resist pattern obtained in the example 17. example 3 was 
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formed, the mixed solution from which the concentration of an ethylene urea differs in the 
polyvinyl-acetal water solution obtained in the example 6, the polyvinyl-acetal resin obtained in the 
example 12 and an ethylene urea mixing water solution, and polyvinyl alcohol resin and an ethylene 
urea mixing water solution was used as the second resist. After dropping and carrying out the spin 
coat of the ingredient of the second resist, it prebaked in 85 degrees C / 70 seconds, and the film of 
the second resist was formed. Next, mixing BEKU (MB) was performed in 65 degrees C / 70 +100 
degrees C / per second, and 90 seconds, and crosslinking reaction was performed. Next, negatives 
were developed using pure water, development exfoliation of the layer non-constructing a bridge 
was carried out, and the bridge formation layer of the second resist was formed on the first resist 
pattern like what was shown in drawing 13 by performing postbake in 90 degrees C / 90 seconds 
continuously. The amount of mixing of a water-soluble cross linking agent was changed by having 
made into the length measurement location the diameter of a hole of the second resist pattern 
shown in drawing 13 . and the resist pattern size after the bridge formation stratification was 
measured. This result is shown in the table of drawing 18 . Consequently, the bore of the hole 
pattern of about 0.4-micrometer size formed in the example 3 is reduced as shown in drawing 18 , 
and the amount of cutbacks becomes so large that the amount of mixing of a water-soluble cross 
linking agent increases. From this, by adjusting the mixing ratio of a water-soluble ingredient shows 
that control of crosslinking reaction is possible with a sufficient precision. Moreover, but by [ with 
the same amount of cross linking agents ] changing the class of water soluble resin shows that it is 
possible to control the amount of cutbacks. 

[0078] On Si wafer with which the first resist pattern obtained in the example 18. example 3 was 
formed, the polyvinyl-acetal water solution obtained in the example 6, the polyvinyl-acetal resin 
water solution obtained in the example 11. and the mixed solution of the N-methoxymethyl-methoxy 
ethylene urea mixing water solution which is a water-soluble cross linking agent, a hydroxy 
(N-methoxymethyl) ethylene urea, and N-methoxymethyl urea were used as the second resist. After 
dropping and carrying out the spin coat of the ingredient of the second resist, it prebaked in 85 
degrees C / 70 seconds, and the film of the second resist was formed. Next, mixing BEKU (MB) was 
performed in 65 degrees C / 70 +100 degrees C / per second, and 90 seconds, and crosslinking 
reaction was performed. Next, negatives were developed using pure water, development exfoliation 
of the layer non-constructing a bridge was carried out. and the bridge formation layer of the second 
resist was formed on the first resist pattern like what was shown in drawing 13 by performing 
postbake in 90 degrees C / 90 seconds continuously. The water-soluble cross linking agent was 
changed by having made into the length measurement location the diameter of a hole of the second 
resist pattern shown in drawing 13 R> 3. and the resist pattern size after the bridge formation 
stratification was measured. This result is shown in the table of drawing 19 . Consequently, the bore 
of the hole pattern of about 0.4-micrometer size formed in the example 3 is reduced as shown in 
drawing 19 , and as for the amount of cutbacks, a difference is accepted by the difference in a 
water-soluble cross linking agent. From this, the difference in the class of water-soluble ingredient 
to mix shows that control of crosslinking reaction is possible. 

[0079] On Si wafer with which the first resist pattern obtained in the example 19. example 4 was 
formed, the polyvinyl-acetal water solution obtained in the example 6, and the polyvinyl-acetal resin 
water solution obtained in the example 1 1 and the methoxy ethylene urea mixing water solution 
which is a water-soluble cross linking agent were used as the second resist. After dropping and 
carrying out the spin coat of the ingredient of the second resist, it prebaked in 85 degrees C / 70 
seconds, and the second resist film was formed. Next, mixing BEKU for 90 seconds (MB) was 
performed at predetermined temperature, and crosslinking reaction was performed. Next, negatives 
were developed using pure water, development exfoliation of the layer non-constructing a bridge 
was carried out. and the bridge formation layer of the second resist was formed on the first resist 
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pattern like what was shown in drawing 13 R> 3 by performing postbake in 90 degrees C / 90 
seconds continuously. The amount of a water-soluble cross linking agent and reaction temperature 
were changed by having made into the length measurement location the diameter of a hole of the 
second resist pattern shown in drawing 13 , and the resist pattern size after the bridge formation 
stratification was measured. This result is shown in the table of drawing 20 . Consequently, the 
resist pattern size of about 0.3 micrometers formed in the example 4 is reduced as shown in drawing 
20 , and a difference is accepted with the amount of water-soluble cross linking agents, and reaction 
temperature. Also when the chemistry magnification mold resist which generates an acid by optical 
exposure is used from this, it turns out that control of the resist pattern size by crosslinking 
reaction is possible. 

[0080] On Si wafer with which the first resist pattern obtained in the example 20. example 5 was 
formed, the polyvinyhacetal water solution obtained in the example 6. and the polyvinyhacetal resin 
water solution obtained in the example 1 1 and the methoxy ethylene urea mixing water solution 
which is a water-soluble cross linking agent were used as the second resist. After dropping and 
carrying out the spin coat of the ingredient of the second resist, it prebaked in 85 degrees C / 70 
seconds, and the film of the second resist was formed. Next, mixing BEKU (MB) was performed in 
105 or 115 degrees C / 90 seconds, and crosslinking reaction was performed. Next, negatives were 
developed using pure water and development exfoliation of the layer non-constructing a bridge was 
carried out, and by performing postbake in 90 degrees C / 90 seconds continuously, as shown in 
drawing 13 , the bridge formation layer of the second resist was formed on the first resist pattern. 
The amount of a water-soluble cross linking agent and reaction temperature were changed by 
having made into the length measurement location the diameter of a hole of the second resist 
pattern shown in drawing 13 , and the resist pattern size after the bridge formation stratification was 
measured. This result is shown in the table of drawing 21 . Consequently, the size of the resist 
pattern of about 0.2-micrometer size formed in the example 5 is reduced as shown in drawing 21 . 
and as for the amount of cutbacks, a difference is accepted by the difference in a water-soluble 
ingredient, and the difference in MB temperature. Also when EB resist of the chemistry 
magnification mold which consists of t-Boc-ized polyhydroxy styrene and an acid generator is used 
from this, it turns out that control of the resist pattern size by crosslinking reaction is possible. 
[0081] On the first resist pattern obtained in the example 21. example 2, the electron ray was 
irradiated selectively. The dose of an electron ray irradiated 50microC/cm2. Next, it applied on the 
first resist pattern which irradiated the electron ray by making into the second resist the 
polyvinyl-acetal resin water solution obtained in the example 11, and the methoxy ethylene urea 
mixing water solution which is a water-soluble cross linking agent. Spreading trickled the ingredient 
of the second resist, and performed the spin coat, then prebaked in 85 degrees C / 70 seconds, and 
formed the film of the second resist. Furthermore, mixing BEKU (MB) was performed in 120 degrees 
C / 90 seconds, and crosslinking reaction was performed. The bridge formation film of the second 
resist was selectively formed on the first resist pattern like what was shown in drawing 13 by 
developing negatives by using pure water finally, carrying out development exfoliation of the layer 
non-constructing a bridge, and performing postbake in next 110 degrees C / 70 seconds. The resist 
pattern size after the bridge formation stratification was measured about the exposure part of an 
electron ray, and the non-irradiated part by making into a length measurement location the diameter 
of a hole of the second resist pattern shown in drawing 13 . This result is shown in the table of 
drawing 22 . Consequently, in the part which did not irradiate an electron ray, about 0.4-micrometer 
resist pattern formed in the example 2 was reduced, as shown in drawing 22 , about the part which 
irradiated the electron ray selectively, crosslinking reaction did not occur and the cutback of hole 
size was not seen. By the pattern of the part irradiated by irradiating an electron ray selectively 
after forming a resist pattern from this, since a reaction does not arise, it turns out that size control 
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of an alternative resist pattern is possible. 

[0082] The first resist pattern obtained in the example 22. example 2 was formed on Si wafer with 
which the oxide film was formed, and the first resist pattern as shown in drawing 23 was formed. 
Next, after dropping and carrying out the spin coat of the ingredient of the second resist obtained in 
the example 12 and prebaking in 85 degrees C / 70 seconds, the bridge formation layer of the 
second resist was formed on the first resist pattern by carrying out development exfoliation of the 
layer non-constructing a bridge with pure water, performing mixing BEKU in 105 degrees C / 90 
seconds, and performing postbake in 90 degrees C / 90 seconds continuously. Furthermore, the 
substrate oxide film was etched using the etching system, and the pattern configuration after 
etching was observed. Moreover, it etched similarly about the wafer in which the first resist pattern 
shown in drawing 23 which does not process this invention as an example of a comparison was 
formed. Consequently, while separation width efface was reduced as shown in drawing 24 (b) and (c) 
when this invention was applied as compared with drawing 24 (a) when not applying this invention, 
the oxide-film pattern with which surface roughening of the side attachment wall was carried out 
was obtained. Moreover, it turns out that extent of surface roughening is controllable by the amount 
of mixing of a cross linking agent. 

[0083] Next, additional explanation is given about compaction of the developing time in the gestalt of 
each implementation of this invention mentioned above. Drawing 25 is drawing showing the relation 
between the developing time (axis of abscissa) of the first resist pattern in the gestalt of each 
operation, and the tooth-space dimension (axis of ordinate) of the developed resist pattern. 
Although it will cease to change resist measurement if developing time is longer than T1 as shown in 
drawing 25 , resist measurement are changed and ** resist measurement with short developing time 
have become [ developing time ] shorter than T1 short before TO. Conventionally, generally, resist 
developing time has taken time amount long enough in order to avoid the dimension fluctuation by 
developing time (field on the right of the drawing [Tl 1 2525 ). However, in this invention, the 
developing time of the field where developing time is shortened intentionally and resist measurement 
are changed is used (field on the left of T1 of drawing 25 ). Therefore, in this invention, the 
developing time in the case of saying that the first resist pattern is formed by the curtailed 
developing time means the developing time of the field where resist measurement are changed. 
Moreover, when SEM length measurement variation is taken into consideration, it is good to change 
resist measurement also as meaning the case where there is dimension fluctuation of lOnm or more 
desirably. The curtailed developing time in this invention means the developing time in such a field. 
[0084] 

[Effect of the Invention] As mentioned above, as explained to the detail, according to this invention, 
the detailed separation resist pattern formation approach which makes pattern formation exceeding 
a wavelength limitation possible is acquired in detailed-izing of the separation pattern of a resist, 
and a hole pattern. Thereby, the diameter of a hole of a Hall system resist pattern can be further 
reduced from before, and the separation width of face of a SU **-SU system resist pattern can be 
further reduced from before, moreover, the tooth space by which detailed separation was carried 
out on the semi-conductor base material, using as a mask the detailed separation resist pattern 
which carried out in this way and was formed — or hole formation can be carried out. Moreover, the 
semiconductor device which has the tooth space or hole by which detailed separation was carried 
out by such manufacture approach can be obtained. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] Drawing of the mask pattern for explaining the resist pattern formation approach of the 
gestalt 1 implementation this invention. 

[Drawing 2] The process flow Fig. for explaining the resist pattern formation approach of the gestalt 

1 implementation this invention. 

[Drawing 31 The process flow Fig. for explaining the resist pattern formation approach of the gestalt 
1 implementation this invention. 

[Drawing 41 Drawing showing the example of the water-soluble-resin constituent used by the resist 
pattern formation approach of the gestalt 1 implementation this invention. 

[Drawing 5] Drawing showing the example of the ******** water solubility cross linking agent for 
the resist pattern formation approaches of the gestalt 1 of implementation of this invention. 
[Drawing 61 The process flow Fig. for explaining the resist pattern formation approach of the gestalt 
1 implementation this invention. 

[Drawing 7l The process flow Fig. for explaining the resist pattern formation approach of the gestalt 

1 implementation this invention. 

[Drawing 8l The process flow Fig. for explaining the resist pattern formation approach of the gestalt 

2 implementation this invention. 

[Drawing 91 The process flow Fig. for explaining the resist pattern formation approach of the gestalt 

3 implementation this invention. 

[Drawing 10l The first resist pattern in the examples 1, 2, and 3 of this invention. 
[Drawing 1 11 The first resist pattern in the example 4 of this invention. 
[Drawing 12l The first resist pattern in the example 5 of this invention. 
[Drawing 1 31 The second resist pattern in the example 14 of this invention. 

[Drawing 141 Drawing showing the mixing ratio of the water soluble resin in the example 14 of this 

invention, and the resist pattern size after the bridge formation stratification. 

[Drawing 151 Drawing showing the resist pattern size after the existence of the exposure in the 

example 1 5 of this invention, and the bridge formation stratification. 

[Drawing 161 The second resist pattern in the example 16 of this invention 

[Drawing 171 Drawing showing the mixing baking temperature in the example 16 of this invention, and 
the resist pattern size after the bridge formation stratification. 

[Drawing 1 8l Drawing showing the mixing ratio of the water-soluble ingredient in the example 17 of 
this invention, and the resist pattern size after the bridge formation stratification. 
[Drawing 191 Drawing showing the resist pattern size after the class of water-soluble ingredient in 
the example 18 of this invention, and the bridge formation stratification. 

[Drawing 201 Drawing showing the amount of the water-soluble ingredient in the example 1 9 of this 
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invention, and mixing baking temperature and the resist pattern size after the bridge formation 
stratification. 

fP rawing 21] Drawing showing the resist pattern size after the class of water-soluble ingredient in 
the example 20 of this invention, and the bridge formation stratification. 

[Drawing 22] Drawing showing the resist pattern size after the existence of the electron beam 
irradiation in the example 21 of this invention, and the bridge formation stratification. 
[Drawing 231 Drawing showing the second resist pattern in the example 22 of this invention. 
[Drawing 241 Drawing showing the pattern configuration after etching of the substrate oxide film in 
the example 22 of this invention. 

[Drawing 251 Drawing for explaining the curtailed developing time in the gestalt of each 
implementation of this invention. 
[Description of Notations] 

1, 11. 21 The first resist la, 2a, 3a The first resist pattern 2, 12. 22 The second resist 2a. 12a, 22a 
The second resist pattern 3 Semi-conductor substrate (semi-conductor base material) 4, 14. 24 
Bridge formation layer. 
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0 7 (d) ic^-Ti^tc. ii^jSflcSiK3<^51*?$ix 

fctsi^^ffi^^^jgss6T-jgs5L, i<Dm<Dmm{zML 
X. m^BimM^^o m^. 07 (e) <dt.ux\ m 

[0 04 11 ^<7)^<7)0 7 (f) ©XSfl, 0 2 (f) 

li-rs;! tic J: "9 , ®-coi/-^x h/Ni?->i ata??: 

:it^5T'#5o ^(^<te)lcLT. 0 7 (f) \z.^^-tX.b 
^#i^S«3omSixfc®^T'fi. ^-(OPi^x 

[0 0 4 21 &.±. H^-^«i:Sffi3fC±lrJS^5>Sl^v^;^ 

T. ->y =':^K^tlli':fi:'wJfe^lw±tcjfMi-5«^t 
fc "9 . iy-C/K y -> y 3 ^Si/j; «0#mi<7)±ICJ?$figi-5 

50 ^:^^h^<^-y%:nmx^im^±xi)tni. fff^m-k 
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[0 0 4 3] ttz. *%?gi'*5V>Tll. ±m(DX^lzm 

[0 0 4 41 %Wr>WM2. igsji, r<o^?g(^)3lli<io 

w.fSLi5m. fihmz.-ih^m\>^fz^mi>^mm.(rym.^i5^ 
^mm-t^. 20 
[0 04 5] 5fe-r, 08(3) (3^1- J; 9 ^m^^m 

ll4rS^i--5, H-uil/^t. h 1 Hi7'!;'<-^' (7 0 

-r:^^^m\'^1lk^m%-th (El8T'{i^l^LTt^-5) o 

EB (S)fc^APSi) ^ffV^ (i3*ilx.lf. PEBSS: 5 0 

-13 o*C) . m-\^'y7. V 1 i(D«?^^^f6]±$-fr 

5„ <^l::\ TMAH (-r h^^^-'V-ry^-'J'A^N^' K 30 

u:^^^^ K) ^it'Ol^O. 0 5~3. Ow t%<DT/\'tl 
T-fcS„ 0 8 (b) (4w 5 LTJF0)5fe^|lfcS|-(7)U'v?;^ 

-f-S^ Sfc. M 1 LTf±> 

[0 0 4 6] rofg. ■iLsmz^sM^ FEB (10-13 
TMAH (x h7/5^/i'T>-^^':>A/N^' Kn^^iJ-'f 

5o r(D»iMa(±^(D5:3r->V^^Sri:icK^1-S^. ii 50 



Itra 2001-66782 
12 

-i^nmfSLtmmx-h^. 

(0 0 4 7] <$:(Cia8 (b) (O^'^J'-^'ff^fife^. 0 8 
(c) fc*-tJ:5Ji. ^?ift:Stg3±lc, K®#?t{cJ; 

^mm\^^i^-''^m\^m^^Mz^-uiy:A v 1 2^Mfli 
j^iftiiv ^y&(Dm^^\XT&^tzh(Dtw^i^(Dh<r>tm^ 

^•»:!fm-icmm-r^fzit. mmf£S.mcm^-r^^ 

(OO4 8]<^{;08 (d) (wTFi-J; 
SSrii^Q-a (6 0-1 3 0°C) |g-<7) L->?P^ 
— :yi 1 atc-^4n2)^Tt7>fett!l^W/!)^fe<:ogEfiO^J^(c: 
^— uiP;;^. M 2<D^— ©U'v'x h/-?^?— i^i 1 

iC^^r L;fc^lf g 1 4;45^-U'v>;;^ h i 

[0 0 4 9] ms (e) (C7Ft-J;5(C. Tkifc 

(4, TMAH^(Dm.i^mi:mi^Xm~^i^^ M 2©^ 

y -O^^-^-XD^T^M^^-Mm^-LtzUiyp^ h/N 
[0 o 5 0] jyioi 71;:. Z(o%m.mm2\z.m-i^ 

XtiV). mvm\ci:^^(r>m^^^^^xW^^^hi: 

eitLTl^5. ro^-b-v^T; h 1 1 (c^i-yrS^i: L 

TI4, ti;vyr.>fm(^^'!7i^mmmmx'h^iK i/v 
;^ ^?§?Kti®^-t-^c t^s^pj^X'fcixffiitjcps^dSti- 
[0 0 5 1] ~<7?t!!^^^g|U'>^;^ h/N^->^. 

( 0 0 5 2 ] SJSOJf^fil 3 . 09(4, Z.(r)%mn%1t&(n 

mm 3 o'fSi^w^^ ^•y'^ hy<^->(Dmf$.ijm%:tm-t 
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[0 0 5 3j $fe-r; 09 (a) t^i-ct^i-s ^Mt^m 
tgsic, h 2 1 Sr^^Jii-f 6o ll-u->';^h2 

nr7'y'<-i> (7 0- 1 0 orT'i^j^sSc^^Ma) 
^iSLfcmv ^-^i?;^ h 2 1 ©StTt^fticiSur. m 

[0 0 5 4] -i^^m^ft^CX. PEB (10-13 

or) T'SftifiaLi-i^^ h©)5¥&g|S]±$-B:fcm. TM 
AH(x h^^^/VTV^^l^A/^-r Kn;r^-iJ-^ K)<^ 
^2. 0%fir«?7KS?SSrffli^m»1-.5;i^ r (D^iSfeWj^li 

(b) »i. zoLxm^^fvtcm-<DUi;>^h<D^<^- 
>-2 1 a &?i^-ro ±feoi; mmLtzm.^mmi^i. 

5« a±tt, :7'D-t>^t LT«. ^jRtDU'v^;^ ^7*cl-fe■ 
[0 0 5 51 09 (b) 09 

(c) iC7iii-i.^ic^ ^m^mm3i:m\^mmxmmf& 

Ttavv Sit. Kt±;y^T'affi^a*LT'b<tv\ :i 

-<^i/-:;=;=!. h/<^->'2 1 a (D^m&m^^^il,^. ^ 

[0 0 5 6] ^<D^, 119 (e) {c^-t-J:9l::. m-<D 
i/v^t, h^<^'->2 l«D±ic:. J; "9^^1-5 
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[0 0 5 71 55:f^, 09(1) fc^i- J: 5 f-. -JJ^^^ft^S 

ffiS^fi^aS (6 0-1 3 0*0 LT. l^<§--^-^'^ff 
V\ ^^•^-:x2 1 a 74»t><O^Ofit^T\ 

f^~V-i^7. h 2 2(7)B-<^^v^^ h^<^-^'2 1 a i:<^ 

ui^x ^/^^->2 1 a ^Ma-rsi ^(-^^ssfc^e 

^ Ltz^mm 2 4:65^- U v^x h 2 2 <1^tcjf$fi)t$n5„ 
[0 0 5 81 <^JC. 09 (g) fC^-TiptC. 7k*fc 

mLx\.^m^m^i^mmm-t^, ^(Dmmmm^os 

>2 1 aSrJg^-r^it<^mfeB$PBl^SfiSi-5r tl^J; 
9^ iS-OL'v?:^ hy<^->2 1 a tc«#-f-5lfeSg* 

iSi< L. ^mm2 4(Dmm^m<mf$.-t?>ztt^X't 

20 ( 0 0 5 91 J!it±£Oj; Z«^l£(7)ff^ffi3{Cj;lX 

'omi:Un^'^xmm-r^XoKir^i,(DX'hi>o 

[0 0 6 01 *fc. rwipJcLTJgfifeLfc'fSmai^ 
30 Sn^rtt, 5fef;if*'<fcllJfe<0}f^SlJoJ:Uf2 i:l^«TfS> 

•So 

[006 11 

[|IJS«»I1 Bui5o«-|ltS<Djglii~3{ci3iL:^ 

mmmic-:>\,^xumi-^, —o(Dmmmi!>\ —^si±<d 
m^mmicm^^-t?>m-^A'^hi><nx\ ^tibxmm-r 

tit^. 8 5X^/7 0#T'7°y-i-^^ffl/\ l^C^X h 
f ©^^Sr^^^-tirTlg-u-^'P^ h^rilff^^l. 0 |/ m 

^^trfflv^T. hIrllTtLfco iJiJ::. 12 01: 

/7 0#T-PEBjaaSrlTl/\ it^^T. T/u^y^j^jK 

(m:R;£;{fcx^ttK, nmds) ^fflv^TS^L/cll#PB^ 

50 X'm.W%:ny'\ mi OiC7f:-rXo^J:^m-\)--(:^i:ii^i- 
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(0 0 6 2) %mm2. m-i^iy:^ h t LT. y^^y y 
h/^^-^^ffML^c. mmi^i^:^hi:. S i 

V^T. gJtSrttofc. l 2 Ot:/? Ofj^T-P E B 10 

NMD3) im\''x^mvtcmmx'Uik^m\ mio 

[0 0 6 31 ^S£0ij3. m-l^-:^:^ h tLX. Jif^y y 
i-i^^ hSr. S i '^^/^-±|^^gT. m^a^l^iiJIii 

m-m\. O/zmt/jtSi^l'fiKHSL/Co i^s^fd. 100°C 20 
/9 O^T-yy-i-i^^frVv i^v^^ h f rogiJE^fLiS 

1 Ot;/6 0?j.-T*PEBiaa$rfTl'\ Sg^l^T. T/l';& U 
NMD 3) ^ffl^^TSaLitB# 
KT-g,fe?rm\ 01 Otllfl^i-ip/iU-v^X 

[0 0 6 4] ^Jfe0^j4. hi:LT. :^.^)j;fk 

^->?:Jf$fiKLfc„ t-f. Huffiu-i^^^ hSr. S i -?aly^ 30 
^iC^BgL/Co i^l-. 9 0*C/9 0#T-7°y-<-^^tT 

{kitM, NMD-W) ^fflV^TM«LfcB$rBlT-m«%^f 

v\ 01 \ \Z7rti.bfi\^'y7.V^<^-^y^mz. 
[0 0 6 5] ^J£i?ij5. ^-UC^X h t LT. t Bo 

SH^Mtt^Wfk^tgti^Wv?;^ h (MELKER. 
J. Vac. Sci. Technol. , Bll (6) 

2 7 7 3. 1 9 9 3) ^ffll^. X^'J'T. h ■'<^ 

Lfc„ $-f. flijffiu-v;^ f-5r. s i :x./^—±.\zrST. 

tZo 'i^lZ^ 1 2 0t:/l 8 0|j;T"<-^'^ftV\ i^iyy^ 

mm.m±mt lx. Bgfp«i?±M^x-<^-9— e s p - 
1 0 oi:mm^:iLx^mm^Ltz'1^k. 8o'c/i2o# 
T-i-i^srtTofro m^. EBmmmm^m^^x. 1 50 
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7. 4 y c/cm'T-}ffiiS^tT/i-o/i„ sot:/ 
1 2 0#T-PEB*tTofcO*>. M^^fflt^T^mKlh 

^^O^^^rffoito ^(DJSm. 01 2f'^i-J;9/A 
0. 2 MmOEB — :/^tff-, 

[0 0 6 61 fl-^i^^ Hc9*t*^fcg8i--5lli£0!l 
6~1 3lCOV^TtftP^-r5„ 

^i£0!l6. ^ri/-/;^ ho^t^i: LT, lLy;^7y;^ 

:^L'5'^KW3fc'J;tFKWl<7)2 Ow t%7k^^: ^tt 
1 0 0 g {'MtK : 4 0 0 g ^Jnx.> ^ST- 6 Btfaia 
»2g^L. t"-yl'T-fe^-/U^fliKW3. KW1(7) 
5 w t VoA^mmi-itii'iimz, 

[0 0 6 71 mmm?. m-i^i^T. h<DuntLx. m 

ttlittM. ^d^:?' o;^WS 5 0 0) , ^5^^>-it;^c-=7 
W ^-fk^m^k^ (ARCOchemi ca 1 ttM. S 
MAI 0 00. 1 4 4 0H) $-ffll^T, ^JfeeH 6 i: l^:^ 
U UT. ^tl,-?}x<55 5 w t %*)g?S^#fce 
[0 0 6 81 ^teMS. m~\y^yy.V(Dlimt\^X. 1 

(Z^-y-'T-^-? Ktt^. -^^^'//^3 7 0) : 1 0 0 g ^: 
#fi*:780g> IPA:40g i:MU\Z.X 6 S^Pb^^^ 
Zg-g-L. *>J1 Ow t%©;<^i3 7 ~ >'7Kj$^^|§ 

[0 0 6 91 ^teW9. ^-L--:;;^ h(7)W^t LT, 1 
L/ 7.yyy.=ii:^\,^X^ (N- ;< h^i^/^/U) 
^'>:3L=^U>m^ : 1 0 0 (N-^ h=^(r->^^/l') 
t KD^->:n5=-UV^0 : 1 0 0 g, N-p< h=3E^->;>«5^ 
/UK* : 1 0 0 g q^l^^ iiV^'ix. ^t* ; 8 6 0 g , I 
P A : 4 0 g Ir^jatCT 6BtFBl«jf jg^ L. itli'tl. 

[0 0 7 01 ^J£0i|l 0. m~l^':^^h(OUntLX. 

mmmexntzyi^v h'-/uT±^—/i.(7)KW37k^m ■. 

V*^;^ : 2 0 g . i^Tk : 2 0 g ^^iST 6 B#r^M#Zg 

[0 0 7 11 nmmi 1. h(7)$j-r4t LT. 

U'^m 6 T-#yc/K y t':=yU7-fe ^-/KD KW 3 Tk^Sg : 
160gt. nmrn^X-mfz (N-> hdr->^^yu) ^ 
hdrv'ai^lx>'^^;4c?g® : 2 0 g. (N-^hdrv-;^ 

^/u) t Kndf ->3i5^L.>^^;^^^jg . 2 0g. N-> 
h=¥->;^f->'W^^;7k?§?S : 2 0g4'(C, -^n^'th, M 
2 0 g^SST-6l$ra}t#jg^U, 7k?gtt^fl|t;j< 

(0 0 7 21 ^iSl^iJi 2. ^-Ui^T^ h(r>Ut4tl.x. 
Mi&m 6 Tii/c/J^ y t'^^/WT-ir ^-/L-COKW 3 ?Rg«? : 
1 6 0 g ^iS^iJ 9 Tiffed K=5r->:x^u>^^;i^jg 
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^CDlOg, 2 0g. 30stm7k: 2 0e%:^iX^fl 

'yWM<r>'^Wi^. i i w t 2 o w t 2 7 w t 

[0 0 7 31 3. %-\^'y7^Vt\.X. %W\ 

6 T-#fc 5 w t %(Difs V if=.jUT± ^ -/i-MJ3i7K^?gro 

1 0 0 g ic, mmm ? X'mfz:i^m\tmm'mm(Do ^ 

V K'=/P7/I-^-/l'tSfl|<^) 5 w t 0 g . 3 

5. 3g, 7 2. 2e^u^umuTx\ emm^w w 
[0 0 7 4] m^. '0Mui>7.Yy<i'-i^mj&<r>W6.m 

1 4~2 2^CO^^Tlfte^■t"5„ 

'J^7.V(OmA^. jSTL. xt°>=J-h Lfc^. 8 St: 

/7 Og^T-T'y-i-^'^mv m-l^i^^^ 

Lfco 1 2 0t:/9 0#T'5dr»i/-<-i^ (M 

TS^Sr?fv\ #^tilS^m^WgtL. m.< 9 0t)/'9 

[00 7 51 mmm 1 5 . 11:^09 2 -C#fc^-CD 

1 5Ot:/9 0S?T*$=^v'>'^^-<-:7 (MB) SrtT 
T-tKv^ h-^-i^^-fr^r tl::J:!3. 0 1 3{c:^Lfct)<o 

±mmiti:ttim^tLf£\,-^^\zo\,^x. mmmm^ 

coo. 4 /I mCOU'v';^ hjj^— — >-t^'f X 
^mm^^fr-^tzm^iai. mo. 1 3tfm. ±ffi 

li^S:?Th>^^l/^:a^(i»S, ;^0. lOMm^'hUTV^ 50 
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fc. MB'<-i?Hu{c:±ffi®3t5rtT'9 r ttcj; 

[00 761 nmm i e . mti^m 2 xit/c^-w uc/x 

Tit ^ y t'- /UT -fe -/USUI <!: 31 ^ u * ozg^ 

^iSTL. xfv^-hbfc^, 85t:/7o#T-yy 

0 5*0/9 0#. 115t;/9 0#\ 12 5'C/9 0# 
<^Za^O^<*T-5=3f-»<5^--<-^' (MB) ^tfV\ 

8I^^S^ffI8tL. ^^^T9 ot:/9 og?T';}?:=^ h-<- 
^%:no:it{a.<o. 01 6ic^i-i5»-. ^-<oi/v^ 

^< ^ - O^iBlAEa U> ^ - > *5 It S ;^ ^ ^Slft 

mmtLx. ^^~y>y^-^ (mb) <o?ajtsr^x. 

Ife^SJ 2 XfSi^ Lfc 0 . 4/1 miJ-'l' X©*— ^Wn';? — :^<0 

i^fi. i5J;i5. 7^ w■?^-vtmA^«L^<^?-^^^c:^b■ 
^t5x-<-p^(^)f■.^'X^^ ^mmnM^coui^^ hy<'? 
-yx'ti. mi 7 i 9 ic^/h$nT*i ^ . 

MBf^m*^^<f£^tti,\,ci^:kLXi^?)o r 
[00 7 71 mmm 1 7 . ^lit»J 3 f#fc^-<o u-:^;^ 

>zi-h Lfc^, 8 5'C/7 0#T-7'y'<-i?^tTV\ 
^-Wi^X hWl^SrJg^Lfc, 6 5'C/7 0#+ 

lOOX./QO^X^^'yl^if^-i' (MB) S:t7V\ 

^IgS^m^tdlltt. ^1^X9 ot:/ 9 o#T-;i^;^ 

-:^irff 01 3{C:S^Lfc'b<^tI^1«(c. 

j5gLfc„ 0 1 SldTj^-f^ZKOl^vT; hx-?:? — >C0;^— /U 
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[00 7 8] mm0i 1 8 . HigfiSiJ 3 Tit/c^-O l^i^P^ 

(N-;p« h^v'^^/P) fc KDdf-->ni^uvK^, N- 10 

8 5t:/7 0#T-7'y-<-;:7^|fl\ h 
roig^rJfML*:. 6 St:/? 0#+ 1 0 O'C/9 

ofj'>r-5=^r-»i/-<-^ (MB) ^fTV\ xmRjt^^n 
mm^. m^'^xs oxz/B o^'x-^'T.h^-i'^ffoz. 

/HC^-r, ^Jg0iJ3T-JFMLfcl^]O. 4 m 

[00 7 91 nmm 1 9 . 4 -c-#fc^-ro 1/ v=;^ 
y t'^juT±^-;i^mm:i^mi^tyk^\t^mMX'h^^ 
8 5t:/7 o#T-7'y-<-^lrtTi.\ ^-i/-:;5y«^h 

^-i-^. (MB) ^tTV\ mmft^i'ii-otzo m^. 

9 0^/9 O^T-^;^ h-<-i;' ^tr 5 r t Idj: . 01 

ui^;^ \-^<^-><r>:^^~ju^iummmtLx. 

^^<^5'-yi^'rX^SlJ^Lfc„ w(73|Sm*0 2 0(^ 

7'-:^"yHw^-t, ^(7?je^. m^mAxmf&Lfzft^o. 

3 Aiinrou-:^;^ h/^^-y-ij-^Xfi, 02 OlCTF-t".): 5 

lc3g/h$JxTioi9. *jgi±^m^]ft, K!t^MmcJ:<0^ 
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1 0 0 8 0 1 mmm 2 0 . mmm 5 xiffcn-© u^yy^ 
mz^-')\f-/\^T±^-juAmm. mmmi ix%iz^s 

8 5t:/7 0#T-yy-<-i?SrtTV\ 
«0!IlrJg^i)tLfc, 10 5, 1 1 5t:/9 0#T-5 

^^y^^y^^^ (MB) ^fTl'\ ^ISSf^i^'fTo/c. 

^v^T9 o-C/g o#T'^x h-<-i?^tT5 CliicJ: 

0 1 3 tCl^fJ: 5 M—0)^'^y^h^<^~->-±\Z 
HHUv^^ h©^lSS4ffMLfc„ 01 3{OT^i-BZ(^) 

x-T'/KC^-r, ^£0^*, IIJ£«S!l5T-J?MLf^*tjO. 
2 ii m-!^-1' Uv?;;^ h — ^(Di^-^XJI, 02 ltd 

^^■txoiz.m^b^rixio'o ^ ^(Dm^hma. ykmi^m^ 

:it:^^^^ t-Bo cik^y t KDdf->^5^U->tK^ 

[008 1] mm&i 2 1 . mmm 2 x-mzw.-<DV'\yy^ 

BSWftIi, 5 0;/C/cm'$rBBWL/c„ *tS0iJ 

^t*>3- h^tTl/\ ^V^T, 8 5t:/7 Og.-T-T'y-^; 

2 0t:/9 0#T'5:^-»i5''-<-^' (MB) ^ 

^tiS^rm^iiJ^L, g£< 1 1 O'C/7 0#T-^^ 
— ^SrfTe>r i:tcj;«j, 0i 3\z.7f^L.tzh(Otmmz.. 

tgBI^ffML/c„ 01 3 ic^fH-cDi-'v?;^ h/N°^-i/ 

^ ^^'IrS'J^ LfCo :i <^^*^0 2 2 (DT—ZTMCTi^^, 
^COjg^, nmnX-W^lfiVfz'i^Q. A iim(D\^^y:^V 

02 2(C;Ti-f-J: pSg/h^ttTiJt), il5?6*)tca^a^BS 
9. BB.«Lfc^^^o/N-^->T-{i, 
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m^m^ii^i^^ vy<'?-><D^4 ^mm^'^mx'h 

[0 0 8 2] mMm2 2. ^;teW2T-#fc^-»U>Jx 

^tcji. 132 4 (b) , (c) lc:^i-J:9}-5>ill1'S:S5^ 
10 0 8 31 rni^Ltz^cD^moy^mmo^mmic 

*5^t•5^s^Btrs^wM^^co^,^Ti&!)Pta?e^i-■5„ 1125 

ikmm mm) km.fSi^titzi-i^y^h^<^-y(07.^- 
(^w) tffim^^^TP-tmx'hi. m2 5ic^i- 

0 iX<DmX'it. yy'yT. h{t± <? ^-fell^Rl LT*5 <5 , 
2 5<DT1 J;«j;&ffl9offl^) o L*^L, rw^g^T-tt, 

i-5m^i7)gi&B$PBl?rfflV>2) (13 2 5C7)T liij^ftilro 

fSt 1/^9 'ill, SEMS'Jfi^<7:V:3f$r%Si-5i:, 40 
[008 41 
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^-y(r>^m^i:VtMX<9-^mA-ir^^ti>^X'^^, 

fz. z(Dj:of£mm:^m\zj:»). um^m^titz^^- 

[011 :i<D^m(r>mm<DMmi(DUi^^hy<^-> 
m^:^mmim-t?>tz)^(D-7^i7y<^'~:^(Dmo 
[021 :i<D^BJ(7)^iig<7)ff^si©^-:>:^ h/<^— V 

[041 dO^gB^ro^ffiCTJJgiglOU'v^y^ 

[051 3io^W©*li£ojl^S8i<ou'-:^;^ h^-^^'-:^ 

[0 71 ^<7)5IW(7)^teW?glil<DU'-:^X 

[081 Z(omm(Dm^(DmB2<DUiy:^hy<^—'y 

iim:)3mi:m.m-r^tzib(DjLmy o~-m. 

[091 ::<oil?q©||J£«j^S3<DWi;x 
[0101 r(7)^0jcD|iiicaji , 2^ttJf3tc±}ft5m 

[0111 ra>5l?q«)^lig0ij4fi:foM-J5^-«)Uv?;^ 

[0121 w©^M<^^lig0ij5tCi}{t5m-<^^v?:=^ 

(0131 r (D5IW<O*i£0iJ 1 4 {C*3ft5Mi:©Uv? 

[0141 :i<O^R;?(75^1iS^Jl 4{C*Jlt5*@ttm)II 

-t-0. 

[0151 :i(D^0J3cO^li£e«l 1 5 {C1*JI^5S^©^M 
[0161 r<D%?q(D^Jg^Jl 6{C:*Jtt5B~(DU'v^ 

[0171 ::(O^P^ro^ljS««Ji 6{c4oit-5?=^--»^^ 
*i"0. 

[0181 wO|ge«0||JS«»J 1 7 t^i5tt5*^ttMi|Sf 

-1-0. 

[0191 (o^B^o^jsijij 1 8 i^anhjkmmtm 

0o 
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1. 11. 2 1 la, 2 a, 3 a 

(OU'v?;^ 2, 12. 2 2 H-Uv? 
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